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(54) Process cartridge, development apparatus, and electrophoto-graphic image formation 
apparatus 



(57) A process cartridge detachably mountable rel- 
ative to a main assembly of an electrophotographic im- 
age forming apparatus, includes an electrophotographic 
photosensitive member; developing device for develop- 
ing a latent image formed on the electrophotographic 
photosensitive member; a toner accommodating portion 
for accommodating toner to be used by the developing 
device to develop the latent image; a first toner feeding 
member for feeding the toner accommodated in the ton- 



er accommodating portion toward the developing de- 
vice; a second toner feeding member for feeding the ton- 
er accommodated in the toner accommodating portion 
toward the developing device; wherein the second toner 
feeding member starts to operate in response to detec- 
tion of decrease of a remaining amount of the toner ac- 
commodated in the toner accommodating portion to 
feed the toner accommodated in the toner accommo- 
dating portion toward the developing device. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to a process car- 
tridge, a development apparatus, and an electrophoto- 
graphic image formation apparatus. 

In this specification, an electrophotographic image 
formation apparatus means an apparatus such as an 
electrophotographic copy machine, an electrophoto- 
graphic printer (LED printer, laser beam printer, and the 
like), an electrophotographic facsimile apparatus, an 
electrophotographic word processor, and the like, which 
employ an electrophotographic image formation proc- 
ess to form an image on recording medium. 

A process cartridge means a cartridge which is re- 
movably mountable in the main assembly of an image 
forming apparatus, and in which a charging means, a 
developing means, and/or a cleaning means, and an 
electrophotographic photosensitive member, are inte- 
grally disposed, a cartridge which is removably mount- 
able in the mains assembly of an image forming appa- 
ratus, and in which at least one processing means 
among a charging means, a developing means, and a 
cleaning means is integrally disposed with an electro- 
photographic photosensitive drum, and a cartridge 
which is removably mountable in the main assembly of 
an image forming apparatus, and in which at least a de- 
veloping means, and an electrophotographic photosen- 
sitive member are integrally disposed. 

A conventional image formation apparatus employ- 
ing an electrophotographic image formation process 
employs a process cartridge system in which an elec- 
trophotographic photosensitive member, and process- 
ing means which act on the electrophotographic photo- 
sensitive member, are integrally disposed in a cartridge 
which is removably mountable in the main assembly of 
an image forming apparatus. 

According to this process cartridge system, an im- 
age forming apparatus can be maintained without rely- 
ing on service personnel; an image forming apparatus 
can be maintained by a user alone. Therefore, opera- 
tional efficiency can be greatly improved. Thus, the 
process cartridge system is widely employed in the field 
of an image formation apparatus. 

Some of image forming apparatuses are provided 
with a means for detecting the amount of developer re- 
mainder. This detecting means issues a warning lo a 
user before the amount of developer in the developer 
containing portion decreases to a critical point below 
which the apparatuses begin outputting a blurred image, 
that is, a low density image. 

The present invention was made as the results of 
further development of the above described convention- 
al art. 



SUMMARY OF THE INVENTION 

Accordingly, the primary object of the present inven- 
tion is to provide a process cartridge, a development ap- 

s paratus, and an electrophotographic image formation 
apparatus, which are capable of effectively dealing with 
decrease in the toner supply in the toner containing be- 
fore it reaches a critical point. 

Another object of the present invention is to provide 

io a process cartridge, a development apparatus, and an 
electrophotographic image formation apparatus, which 
comprise a means which begins to feed developer to- 
ward a development station as the amount of the toner 
in the toner contain portion decreases to a predeter- 

15 mined level. 

Another object of the present invention is to provide 
a process cartridge, a development apparatus, and an 
electrophotographic image formation apparatus, which 
are capable of consuming the toner contained in the ton- 

20 er containing portion, with high utilization efficiency. 

According to an aspect of the present invention, 
there is provided a process cartridge detachably mount- 
able relative to a main assembly of an electrophoto- 
graphic image forming apparatus, comprising an elec- 
ts trophotographic photosensitive member; developing 
means for developing a latent image formed on said 
electrophotographic photosensitive member; a toner 
accommodating portion for accommodating toner to be 
used by said developing means to develop the latent 

30 image; a first toner feeding member for feeding the toner 
accommodated in said toner accommodating portion to- 
ward said developing means: a second toner feeding 
member for feeding the toner accommodated in the ton- 
er accommodating portion toward said developing 

35 means; wherein said second toner feeding member 
starts to operate in response to detection of decrease 
of a remaining amount of the toner accommodated in 
the toner accommodating portion to feed the toner ac- 
commodated in the toner accommodating portion to- 

40 ward said developing means. 

According to an aspect of the present invention, a 
process cartridge, a development apparatus, and an 
electrophotographic image lormation apparatus com- 
prise: a development member for developing a latent im- 

45 age formed on an electrophotographic photosensitive 
member; a toner storing portion for storing the toner to 
be used by the development member to develop the la- 
tent image; a first toner conveyance member for con- 
veying the toner held in the toner storing portion toward 

50 the development member; and a second toner convey- 
ance member for conveying the toner held in the toner 
storing portion toward the development member, where- 
in the second toner conveyance member starts convey- 
ing the toner held in the toner storing portion toward the 

55 developing means in response to detection of decrease 
in the toner remainder in the toner storing portion to a 
predetermined level. 



2 



3 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a schematic sectional view of an embod- 
iment of the image formation apparatus in accordance 
with the present invention, and depicts the general 
structure thereof. 

Figure 2 is a sectional view of the process cartridge 
in the first embodiment. 

Figure 3 is a schematic drawing of the developer 
conveying means of the process cartridge illustrated in 
Figure 2. 

Figure 4 is a circuit diagram for a toner remainder 
detection circuit in the image formation apparatus illus- 
trated in Figure 1. 

Figure 5 is a graph showing the discrimination ref- 
erence for the toner remainder detection circuit illustrat- 
ed in Figure 4. 

Figure 6 is a sectional view of the process cartridge 
illustrated in Figure 2, and depicts a state of the process 
cartridge in which the developer conveying means is in 
operation. 

Figure 7 is a block diagram which shows the first 
no-toner detection. 

Figure 8 is a block diagram which shows the second 
no-toner detection. 

Figure 9 is a sectional view of the development ap- 
paratus in the second embodiment of the present inven- 
tion. 

Figure 10 is a sectional view of the process car- 
tridge in the third embodiment of the present invention. 

Figure 11 is a sectional view of the developer con- 
veying means of the process cartridge illustrated in Fig- 
ure 10. 

These and other objects, features and advantages 
of the present invention will become more apparent up- 
on a conside ration of the following description of the pre- 
ferred embodiments of the present invention, taken in 
conjunction with the accompanying drawings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, electrophotographic image formation 
apparatuses, process cartridges, and development ap- 
paratuses, which are in accordance with the present in- 
vention, will be described in detail with reference to the 
drawings. 

Embodiment 1 

First, referring to Figures 1 - 8, the process cartridge 
in this embodiment, and an electrophotographic image 
formation apparatus compatible with such a process 
cartridge, will be described in detail. 

Referring to Figure 1 , in image formation apparatus 
A (laser beam printer), a laser beam which is carrying 
image data is projected from an optical system 51 onto 
an electrophotographic photosensitive member 8 (here- 
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inafter, photosensitive drum) in the form of a drum, and 
forms a latent image on the photosensitive layer thereof, 
and this latent image is developed into a toner image. 
In synchronism with the formation of the toner im- 

5 age, a recording medium P is fed out of a sheet feeder 
cassette 5, and is conveyed into the image forming sta- 
tion of a process cartridge B, by a conveying means 
comprising a pickup roller 53b, a conveyer roller pair 
53c, conveyer roller 53d, and the like. In the image form- 

10 ing station, the toner image formed on the photosensi- 
tive drum 8 is transferred onto the recording medium P 
by applying voltage to a transfer roller 54 as a transfer- 
ring means. Then, the recording medium P is conveyed, 
being guided by a guide plate 53f , to a fixing means 55. 

is The fixing means 55 comprises a driver roller 55a, 
and a fixer roller 55c containing a heater 55b, and fixes 
the transferred toner image to the recording medium P 
by applying heat and pressure, as the recording medium 
P passes through the fixing means 55. Thereafter, the 

20 recording medium P is further conveyed through a re- 
versing path, and is discharged into a delivery tray 56, 
by a discharge roller pair 53g and a discharge roller 53h. 

The process cartridge B comprises an electropho- 
tographic photosensitive member, and at least one 

2B processing means. The processing means includes a 
charging means for charging the electrophotographic 
photosensitive member, a 1 developing means for devel- 
oping a latent image formed on the electrophotographic 
photosensitive member, a cleaning means for cleaning 

30 the toner remaining on the surface of the electrophoto- 
graphic photosensitive member, and the like means. 

Referring to Figure 2, in the process cartridge B in 
this embodiment, a charger 11 , an exposure opening 12 
for allowing the laser beam to be projected onto the pho- 

35 tosensitive drum 8, a developing means 4 for developing 
a latent image with the use of toner, and a cleaning 
means 9, are disposed around the electrophotographic 
photosensitive drum 8. These components are integral- 
ly disposed in a toner containing frame portion 1 as a 

40 developer containing portion, a development frame por- 
tion 2, or a cleaning frame portion. In other words, the 
process cartridge B is constructed by uniting the toner 
containing frame portion 1 , the development frame por- 
tion 2 which supports the development roller 5 or the 

45 ijke, and the cleaning frame portion 3 which supports 
the photosensitive drum 8, the cleaning means 9, and 
the charger 11 . 

The developing means 4, which uses magnetic ton- 
er as developer to form a toner image, comprises a toner 

50 storing portion 1 for holding toner. The toner storing por- 
tion 1 is provided with a toner feeding member 21 , which 
is rotated in the direction of an arrow mark to leed the 
toner toward the development roller 5 as a developer 
carrier, while preventing the coagulation and local con- 

55 centration of the toner. The development roller 5 con- 
tains a magnet 6 which attracts the toner supplied to the 
development roller 5 and holds it on the surface of the 
development roller 5. Further, an elastic blade 5 is 
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placed in contact with the surface of the development 
roller 5 to form a thin layer of toner on the surface of the 
development roller 5 by regulating the thickness of the 
toner layer formed on the surface of the development 
roller 5. While the toner layer is formed on the develop- 
ment roller 5 as the development roller 5 is rotated, the 
toner becomes charged due to the friction between the 
toner and the rotating development roller 5, and obtains 
a sufficient amount of triboelectric charge to develop the 
electrostatic image on the photosensitive drum 8. 

In this embodiment, a voltage composed by super- 
posing a DC component (approximately -500 V) upon 
an AC voltage component (Vpp is approx. 1600 V) is 
applied as a development bias tothe development roller 
5. 

The development roller 5 on which the aforemen- 
tioned toner layer is formed, and the photosensitive 
drum 8, are positioned adjacent to each other, holding 
a microscopic gap (approximately 250 jim). This posi- 
tional arrangement is realized by fitting the development 
roller 5 with contact rings (unillustrated) having a diam- 
eter larger, by the aforementioned microscopic gap, 
than the diameter of the development roller 5. More spe- 
cifically, the rings are fitted around the development roll- 
er 5, adjacent to the corresponding axial ends, outside 
the toner layer formation region, and make contact with 
the photosensitive drum 8, on the regions outside the 
latent image formation region. 

Further, one of the axial ends of the development 
rollers is provided with a first helical gear (unillustrated) 
through which the development roller 5 receives a force 
which rotatively drive the development roller 5. The first 
helical gear is meshed with a second helical gear (unil- 
lustrated) fixed to the corresponding axial end of the 
photosensitive drum 8, so that the development roller 5 
is rotated by the rotation of the photosensitive drum 6. 
Also, the first helical gear is meshed with a third helical 
gear (unillustrated) connected to the toner leeding 
member 21 , so that the rotational force of the photosen- 
sitive drum 8 is also transmitted to the toner feeding 
member 21 . It should be noted here that the second hel- 
ical gear is the gear which meshes with a helical gear 
provided on the main assembly side of an image forma- 
tion apparatus, to receive the driving force therefrom, 
and therefore, the toner feeding member 21 is also ro- 
tated by the rotation of the photosensitive drum 8. In oth- 
er words, the toner feeding member 21 rotates as it re- 
ceives the driving force from the main assembly of an 
image formation apparatus during image formation. A 
reference alphanumeric 21a designates an auxiliary 
toner feeding member, which rotates with the same tim- 
ing as the toner feeding member 21. 

Next, referring mainly to Figures 2 and 3, the devel- 
ope r conveying means, which characterizes the present 
invention, will be described. 

The developer conveying means 30 is in the modi- 
fied form of a crank and is disposed in the toner storing 
portion 1 , outside the sweeping range of the toner f eed- 
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ing member 21 . It comprises rotational axis portions 30a 
and 30a rotatively supported by the internal wall of the 
toner storing portion 1, arm portions 30b and 30b ex- 
tending from the rotational axis portions 30a and 30a, a 
5 horizontal portion 30c connected to the arm portions 30b 
and 30b, and a flexible member 31 attached to the hor- 
izontal portion 30c. Referring to Figure 2, the arm portion 
30b is bent so that the developer conveying means 30 
remains substantially in contact with the ceiling portion 
10 of the toner storing portion 1 when not operating. The 
flexible member 31 is formed of a sheet of polyethylene 
terephthalate or rubber, for example. The rotational axis 
portion 30a, the arm portion 30b, and the horizontal por- 
tion 30c are formed of nonmagnetic metallic material or 
is plastic resin. 

Referring to Figure 3, one of the rotational axis por- 
tions 30a and 30a is fitted with an operational spring 35 
(torsional coil spring). One end of the operational spring 
35 is attached to the wall of the toner storing portion 1 , 
and the other end is attached to the arm portions 3b, to 
apply pressure to the developer conveying means 30 in 
the direction of the toner feeding member 21 . The other 
rotational axis portion 30a is engaged with a claw portion 
33a of a lever 33 which is put through the wall of the 
toner storing portion 1 , to prevent the developer convey- 
ing means 30 from being rotated by the pressure from 
the operational spring 35, during the non-operational 
period of the developer conveying means. 

The lever 33 of the process cartridge 33 is in the 
form of a letter L, and is rotatively supported by a sup- 
porting member la at the middle of the vertical portion 
33b connected to the claw portion 33a. One end of the 
vertical portion 33b, that is, the end opposite to the claw 
portion 33a, is provided with a spring member 1b which 
applies pressure tothe vertical portion 33b in a manner 
to rotate the vertical portion 33b about the supporting 
member la in the counterclockwise direction. This ar- 
rangement keeps the claw portion 33a in contact with 
the arm portion 30b of the developer conveying means 
30. 

The main assembly of the image formation appara- 
tuses provided with a lever 32 and a solenoid 36. After 
the process cartridge is mounted in the apparatus main 
assembly, the lever 32 on the main assembly side is ca- 
pable of pressing the vertical portion 33b of the lever 33 
of the process cartridge B, on the surface opposite to 
the surface with which the spring member 1 b is in con- 
tact. The solenoid 33 presses the lever 32 on the main 
assembly side. 

As described above, the toner feeding member 21 
and the developer conveying means 30 are disposed 
within the toner storing portion 1 , and the development 
roller 5 and the elastic blade 7 are attached to the de- 
velopment frame portion 2. The photosensitive drum B, 
a primary charger 11 , and the cleaning blade 10 are dis- 
posed in the cleaning frame portion 3. 

Further, the process cartridge B is provided with a 
drum shutter 25 which prevents the photosensitive drum 
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8 from being inadvertently exposed to light or damaged. 
This drum shutter 25 is automatically opened as the 
process cartridge B is mounted in the apparatus main 
assembly, and is automatically closed by the pressure 
from a spring (unillustrated) as the process cartridge B $ 
is removed from the apparatus main assembly. 

The developer conveying means 30 is activated in 
response to the detection of the decrease in the amount 
of the toner held in the toner storing portion 1 , and feeds 
the toner held in the toner storing portion 1 toward the 
development roller 5. This action of the developer feed- 
ing means 30 is caused by the resiliency of the elastic 
member such as a coil spring or a compression spring. 

Further, the developing means 4 of this embodi- 
ment is provided with a toner remainder detecting 
means 26 for detecting the presence or absence of toner 
within the toner storing portion 1. Next the structure of 
the toner remainder detecting means will be described. 

Referring to Figure 2, there is a metallic antenna 
wire 26 as an antenna member in the toner path through 
which toner is conveyed from the toner storing portion 
1 to the development roller 5. It is fixed to the develop- 
ment frame portion 2 substantially in parallel to the me- 
tallic development roller 5. This antenna wire 26 and the 
development roller 5 are used as a first electrode and a 
second electrode, respectively, wherein voltage is ap- 
plied between the two electrodes, and the presence or 
absence of the toner is detected by detecting the change 
in the electrostatic capacity between the two electrodes. 

In other words, when there is a sufficient amount of 
toner in the toner storing portion 1 , toner is present be- 
tween the two electrodes, and therefore, the electrostat- 
ic capacity between the two electrodes is large, but 
when toner disappears from between the two electrodes 
as toner is consumed, the electrostatic capacity be- 
tween the two electrodes decreases. This change in the 
electrostatic capacity is detected by the toner remainder 
detection circuit provided on the apparatus main assem- 
bly side, and when the detected electrostatic capacity is 
below a predetermined value, it is determined that toner 
is absent. 

Figure 4 shows a toner remainder detection circuit 
100 provided on the apparatus main assembly side. In 
this circuit 100, the circuit portion comprising the devel- 
opment roller 5 and the antenna wire 26 are equivalent 
to a condenser, wherein an AC voltage (Vpp is approx. 
1 600 V) having a rectangular waveform is applied to the 
development roller 5 from a high voltage power source 
HV provided in the apparatus main assembly. 

In reality, the waveform of the high voltage from the 
high voltage power source HV involves an inclination in 
its rising and falling portions, and is detected as a differ- 
ential waveform ANT by the electrostatic capacity be- 
tween the development roller 5 and the antenna wire 26, 
and resistors R1 and R2. AdiodeDI is a clamping diode 
whose output is negative. 

The differential waveform ANT is divided by the re- 
sistances R1 and R2, and its peak is detected by a first 
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peak hold circuit comprising an operational amplifier 
OA1 , a diode D2, and a condenser C1 , and is converted 
to a DC signal. A resistor R3 is provided for discharging 
the condenser C1 . 

The electrostatic capacity between the develop- 
ment roller 5 and the antenna wire 26 is dependent on 
the amount of toner present between the development 
roller 5 and the antenna wire 26. That is, as the amount 
of the toner between two electrical conductors increas- 
es, the dielectric constant between the two conductors 
increases, which in turn increases the electrostatic ca- 
pacity between the two conductors. Conversely, the di- 
electric constant between the two conductors decreas- 
es as the amount of the toner between the two conduc- 
tors decreases, reducing thereby the electrostatic ca- 
pacity between the two. Therefore, the voltage detected 
by the first peak hold circuit decreases as the amount 
of the toner decreases. 

On the other hand, the output from the high voltage 
power source HV is supplied to the development roller 
5, and also to a differentiation circuit comprising a ref- 
erential condenser C2 ; resistors R4, R5 (volume resis- 
tor), and R6. A diode D3 is a clamping diode whose out- 
put is negative. 

The differential waveform detected through the vol- 
ume resistor R5 is converted into a DC signal by a sec- 
ond peak hold circuit comprising an operational ampli- 
fier OA2, a diode D4, the condenser C3, and a discharge 
resistor R7 The volume resistor R5 is adjusted so that 
the output from the second peak hold circuit matches a 
predetermined reference value (approximately 2.7 V in 
this embodiment). 

The output from the first peak hold circuit (potential 
of condenser C1 value proportional to the amount of the 
toner remainder), and the output from the second peak 
hold circuit (potential of condenser C3 referential value), 
are compared by a comparator COI , and is outputted 
as a signal indicating the amount of the toner remainder. 
When there is a sufficient amount of toner between the 
development roller 5 and the antenna wire 26, the output 
of condenser CI remains at a low level. Therefore, the 
amount of the toner remainder can be detected from the 
output of the comparator COI . 

Figure 5 is a graph showing the relationship be- 
tween the aforementioned electrostatic capacity and the 
amount of the toner in the toner storing portion 1 , in 
which the axis of abscissas represents the amount of 
the remaining toner, and the axis of ordinates represents 
the electrostatic capacity. When there is toner between 
the two electrodes, the electrostatic capacity between 
the two electrodes is large, and as the amount of toner 
decreases, the electrostatic capacity decreases. There- 
fore, the change in electrostatic capacity is detected by 
the toner remainder detection circuit provided on the ap- 
paratus main assembly side, and when the detected 
electrostatic capacity drops below a predetermined val- 
ue C, it is determined that the toner is absent 

It should be noted here that even when it is deter- 
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mined based on the output of the toner remainder de- 
tection circuit 100 that toner is absent, toner T indicated 
by hatching in Figure 2 still remains in a space beyond 
the sweeping range of the toner feeding member 21, 
though the amount of toner T is very small. 

Figure 7 is a block diagram for toner remainder de- 
tection control. This diagram shows the control execut- 
ed when the toner absence is detected first time. After 
it is determined by the toner remainder detecting means 
and the toner remainder detection circuit that toner is 
absent, an ON signal is sent through a solenoid driver 
circuit 200 to the solenoid 36 on the main assembly side 
of the image formation apparatus A illustrated in Figure 
3, to move the lever 32. As a result, the lever 33 on the 
process cartridge side B is rotated, and the claw portion 
33a is disengaged from the arm portion 30b of the de- 
veloper conveying means 30. Consequently, the devel- 
oper conveying means 30 rotates due to the pressure 
from the spring 35 having been wound to generate pres- 
sure to rotate the developer conveying means 30 in the 
direction ol an arrow mark Y in Figures 2 and 6, and 
stops as it comes in contact with the stopper 30d. During 
this movement of the developer conveying means 30, 
its flexible member 31 conveys the remaining toner T in 
a manner to move it into the sweeping range of the toner 
feeding member 21. Then, the toner T is conveyed in 
the normal manner by the toner feeding member 21 to- 
ward the development station. More specifically, the ton- 
er remainder T is pushed out by the flexible member 31 
along a slanted surface la sloped toward the toner feed- 
ing member 21 , that is, one of the walls of the toner stor- 
ing portion 1 (Figures 2 and 6 depict the state of the 
process cartridge B in the main assembly of the image 
formation apparatus A). 

Also during the rotational movement of the devel- 
oper conveying means 30, the amount of the toner re- 
mainder in the toner storing portion 1 is extremely small, 
and therefore, the effect of the increased rotational load 
load upon the main assembly of the image formation ap- 
paratus remains at an extremely low level. 

The detection ol "toner absence" is stored, as car- 
tridge-specific information, in a storing means 50 such 
as an RAM provided in the process cartridge B. This 
storing means 50 is capable of receiving information 
from the main assembly of the image formation appara- 
tus A through an electrical contact (unillustrated) provid- 
ed in the process cartridge B. 

After being moved into the sweeping range of the 
toner feeding member 21 by the developer conveying 
means 30, and further conveyed by the toner leeding 
member 21 , the toner T is supplied to the photosensitive 
drum 8 by the development roller 5. Th us, image forma- 
tion is continued without interruption. Next, as this toner 
T is consumed to a point at which the substantially no 
toner remains within the sweeping range of the toner 
feeding member 21 , a second toner remainder detection 
process is carried out. 

Figure 8 is a block diagram for the control executed 
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after the toner absence is detected second time. As 
shown in Figure 8, when the toner absence is detected 
for the second time, this information is combined with 
the information stored as toner remainder detection his- 

s tory in the storing means 50, that is : "toner absence has 
been detected once, " and a "no toner" warning message 
is displayed in the display section of the apparatus main 
assembly. Further, an arrangement may be made so 
that the image forming operation on the apparatus main 

io assembly side can be temporarily prohibited if neces- 
sary. 

Even when the process cartridge B is transferred to 
another image formation apparatus before the second 
toner remainder detection, the toner absence warning 

is can be reliably displayed by the main assembly of the 
second image formation apparatus A, since "toner ab- 
sence has already been detected once" is recognized 
as cartridge specific information by the main assembly 
of the second image formation apparatus~A. 

20 As described above, in this embodiment, the acti- 
vation of the developer conveying means is linked to the 
results of the toner remainder detection by the toner re- 
mainder detecting means, making it possible to reliably 
convey the toner remainder in the toner storing portion, 

25 to the toner feeding member. Therefore, it is possible to 
prevent production of an image with white spots caused 
by lack of toner, without increasing the capacity of the 
driving source on the main assembly of the image for- 
mation apparatus A. 

30 

Embodiment 2 

The development apparatus 100 in this embodi- 
ment is a process cartridge constructed by integrally dis- 
ss posing a developer carrier member 5 like the aforemen- 
tioned development roller, and a developing means 4 
comprising a developer container portion containing de- 
veloper (toner) to be supplied to the developer carrier 
member 5, in a plastic frame 2. In other words, the de- 
40 velopment apparatus 100 in this embodiment can be 
thought to be the process cartridge described in the first 
embodiment minus the photosensitive drum. Therefore, 
the structures and operations of the developer storing 
portion and the developer conveying means are the 
45 same as those described in the first embodiment. Thus, 
the components or sections which have the same struc- 
ture or function as those in the first embodiment are des- 
ignated by the same reference numerals as those in the 
first embodiment, and their descriptions will be omitted. 

50 

Embodiment 3 

Next, referring to Figures 10 and 11, the third em- 
bodiment of the process cartridge in accordance with 
55 the present invention will be described. 

This embodiment is different from the first embodi- 
ment only in the mechanical structure of the developer 
conveying means. Since other aspects such as toner 
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remainder detection, solenoid operation on the appara- 
tus main assembly side, and toner absence warning dis- 
play on the main assembly side are the same as those 
in the first embodiment, quotation of the descriptions 
given in the first embodiment will suffice. 

Figures 1 0 and 1 1 shows the structure of the devel- 
oper conveying means in this embodiment. In these 
drawings, only the sections different from the first em- 
bodiment will be illustrated. The developer conveying 
means 40 is rotatively mounted on the same rotational 
axis as the toner feeding member 21 , sharing the same 
rotational center. 

The developer conveying means 40 is substantially 
in the form of a crank, and a flexible member 42 is at- 
tached to its portion equivalent to the horizontal portion 
of a crank. It is rotatively mounted coaxially with the ton- 
er feeding member 21 . One of the arm portions 40c is 
provided with an engagement portion 40a, with which 
the tip of the lever 41 on the process cartridge side en- 
gages. The lever 41 is put through the wall of the toner 
storing portion 1 . Also, other end of the arm portion 40c 
is provided with a claw portion 40b which is rendered 
engageable with the arm portion 21 a of the toner feeding 
member 21. Further the arm portion 40c is kept under 
the pressure generated by a compression spring 43 in 
the direction to cause the claw portion 40b to come in 
contact with the arm portion of the toner feeding member 
21 . The compression spring 43 is attached to the toner 
storing portion 1 in a manner to wrap around the rota- 
tional axis 21b. 

The lever 41 of the process cartridge is provided 
with a pressure receiving portion 41b with which the le- 
ver 32 of the apparatus main assembly makes contact. 
This pressure receiving portion 41b is outside the toner 
storing portion 1 . As the pressure receiving portion 41 b 
is pressed by the lever 41 of the process cartridge, it 
rotates about the support portion 1 c of the toner storing 
1 , in the counterclockwise direction of the drawing. 

To the other end of the rotational axis 21 b of the 
toner feeding member 21, a helical gear 44 is fixed, 
through which the driving force from a driving power 
source is transmitted to drive the developer conveying 
means 40. 

In the structure described above, as the solenoid 36 
provided on the main assembly of the image formation 
apparatus A is turned on, the lever 32 on the main as- 
sembly side is moved in the direction of an arrow mark 
(1). As a result, the lever 41 on the process cartridge 
side is rotated about the support portion 1 c in the direc- 
tion of an arrow mark (2). This rotation of the lever 41 
causes the claw portion 41a to disengage from the en- 
gagement portion 40a of the developer conveying 
means 40. Then, the entire developer conveying means 
40 is thrust in the direction of an arrow mark (3) by the 
pressure from the compression spring 43. Consequent- 
ly, the claw portion 40b becomes engaged with the arm 
portion of the toner feeding member 21 , and causes the 
developer conveying means to rotate together with the 



toner feeding member 21 in the direction of an arrow 
mark (4). As a result, the same effect as an effect ob- 
tainable by increasing the sweeping range diameter of 
the toner feeding member 21 can be realized. Further, 
s the toner closer to or adhering to the internal surface of 
the toner containing portion can be reliably conveyed by 
the flexible member 42 attached to the horizontal portion 
of the developer conveying means 40, 

Also during this rotational movement of the devel- 
io oper conveying means 30, the amount of the toner re- 
mainder in the toner storing portion 1 is extremely small, 
and therefore, the effect of the increased rotational load 
upon the main assembly of the image formation appa- 
ratus A remains at an extremely low level. 
is In any of the first, second and third embodiments, 
the toner remainder detecting means was described as 
a means employing a system which detects the toner 
absence by detecting the change in electrostatic capac- 
ity, but the same effects can be obtained by employing 
a different system in which the loner absence is detect- 
ed by detecting the change in fight transmission, devel- 
oper weight, or torque needed by a toner stirring mem- 
ber. 

Further, it is obvious that the third embodiment is 
applicable to the second embodiment. The description 
of such an application will be omitted since quotation of 
the description of the third embodiment will suffice. 

As is evident from the above descriptions, accord- 
ing to the preceding embodiments, as the developer in 
the developer storing portion decreases, the developer 
is moved without the need for increasing the capacity of 
the driving power source on the apparatus main assem- 
bly side. Therefore, it is possible to provide a process 
cartridge and a development apparatus, which do not 
need to be shaken, and are capable of preventing pro- 
duction of an image with white spots caused by lack of 
toner, and also to provide an image formation apparatus 
compatible with such a process cartridge or develop- 
ment apparatus. Thus, it is possible to improve opera- 
tional efficiency in image formation, and to produce a 
high quality image. 

Further, according to the present invention, waste 
in toner consumption can be further reduced. 

Claims 

1. A process cartridge detachably mountable relative 
to a main assembly of an electrophotographic im- 
age forming apparatus, comprising: 

an electrophotographic photosensitive mem- 
ber; 

developing means for developing a latent im- 
age formed on said electrophotographic photo- 
sensitive member; 

a toner accommodating portion for accommo- 
dating toner to be used by said developing 
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means to develop the latent image; 
a first toner feeding member for feeding the ton- 
er accommodated in said toner accommodat- 
ing portion toward said developing means; 
a second toner feeding member for feeding the 5 
toner accommodated in the toner accommo- 
dating portion toward said developing means; 
wherein said second toner feeding member 
starts to operate in response to detection of de- 
crease of a remaining amount of the toner ac- io 
commodated in the toner accommodating por- 
tion to feed the toner accommodated in the ton- 
er accommodating portion toward said devel- 
oping means. 

15 

An apparatus according to Claim 1 , wherein said 
second tonerfeeding member is operated by elastic 
force of an elastic member. 

A process cartridge according lo Claim 2, wherein 20 
said elastic member includes a coil spring or com- 
pression spring. 

A process cartridge according to Claim 1 or 2, 
wherein the operation of said second toner feeding 2s 
member is constrained by a locking member, which 
is releasable by a releasing member provided in the 
main assembly in response to the detection of the 
decrease of the toner to permit feeding of the toner 
toward said developing means. 30 

A process cartridge according to Claim 4, wherein 
said releasing member includes a solenoid actuat- 
ed in response to an electric signal produced in re- 
sponse to detection of decrease of the remaining 35 
amount. 

A process cartridge according to Claim 1 or 2, fur- 
ther comprising a storing element for storing detec- 
tion hysteresis of the remaining amount of the toner 40 
accommodated in said toner accommodating por- 
tion. 

A process cartridge according to Claim 1 or 2, 
wherein the first toner feeding member is rotated in ^ 
accordance with rotation of said electrophotograph- 
ic photosensitive member. 

A process cartridge according to Claim 7, wherein 
when the process cartridge is mounted to the main so 
assembly, said electrophotographic photosensitive 
member is rotated by driving force received from the 
main assembly, and said first toner feeding member 
is rotated by the driving force. 

55 

A process cartridge according to Claim 1, further 
comprising a charging member for charging said 
electrophotographic photosensitive member. 



10. A process cartridge according to Claim 1 or 9, fur- 
ther comprising a cleaning member for removing 
the toner remaining on the electrophotographic 
photosensitive member. 

11. An electrophotographic image forming apparatus 
for forming an image on a recording material, to 
which a process cartridge is detachably mountable, 
comprising: 

a. a mounting portion for detachably mounting 
a process cartridge, said process cartridge in- 
cluding, 

an electrophotographic photosensitive 
member; 

developing means for developing a latent 
image formed on said electrophotographic 
photosensitive member; 
a toner accommodating portion for accom- 
modating toner to be used by said devel- 
oping means to develop the latent image; 
a first toner feeding member for feeding the 
toner accommodated in said toner accom- 
modating portion toward said developing 
means; 

a second tonerfeeding member forfeeding 
the toner accommodated in the toner ac- 
commodating portion toward said develop- 
ing means; 

wherein said second toner feeding mem- 
ber starts to operate in response to detec- 
tion of decrease of a remaining amount of 
the toner accommodated in the toner ac- 
commodating portion to feed the toner ac- 
commodated in the toner accommodating 
portion toward said developing means; 

b. detecting means for detecting the remaining 
amount of the toner accommodated in said ton- 
er accommodating portion of said process car- 
tridge; 

c. driving means for operating said second ton- 
er feeding member in accordance with a detec- 
tion result of said detecting means. 

12. An apparatus according to Claim 11 . wherein said 
second loner feeding member of said process car- 
tridge is operated by elastic force of an elastic mem- 
ber. 

13. An apparatus according to Claim 12, wherein said 
elastic member includes a coil spring or compres- 
sion spring. 

14. An apparatus according to Claim 11 or 12, wherein 
the operation of said second toner feeding member 
of said process cartridge is constrained by a locking 
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member, which is releasable by said driving mem- 
ber in response to the detection of the decrease of 
the toner to permit feeding of the toner toward said 
developing means. 

15. An apparatus according to Claim 14, wherein said 
driving member includes a solenoid actuated in re- 
sponse to an electric signal produced in response 
to detection of decrease of the remaining amount. 

16. An apparatus according to Claim 11 or 12, further 
comprising a storing element for storing detection 
hysteresis of the remaining amount of the toner ac- 
commodated in said toner accommodating portion. 

17. An apparatus according to Claim 11 or 12, wherein 
the first toner feeding member is rotated in accord- 
ance with rotation of said electrophotographic pho- 
tosensitive member. 

1 8. An apparatus according to Claim 1 7, wherein when 
the process cartridge is mounted to the main as- 
sembly, said electrophotographic photosensitive 
member is rotated by driving force received from the 
main assembly, and said first toner feeding member 
is rotated by the driving force. 

19. An apparatus according to Claim 11, further com- 
prising a charging member for charging said elec- 
trophotographic photosensitive member. 

20. An apparatus according to Claim 11 or 1 9, further 
comprising a cleaning member for removing the 
toner remaining on the electrophotographic photo- 
sensitive member. 

21. A developing device, usable with an electrophoto- 
graphic image forming apparatus, for developing a 
latent image formed on the photosensitive member, 
comprising: 

a developing member for developing the latent 
image formed on the photosensitive member; 
a toner accommodating portion for accommo- 
dating toner to be used by said developing 
member to develop the latent image; 
a first toner feeding member for feeding the ton- 
er accommodated in said toner accommodat- 
ing portion toward said developing member; 
a second toner feeding member for feeding the 
toner accommodated in the toner accommo- 
dating portion toward said developing member; 
wherein said second toner feeding member 
starts to operate in response to detection of de- 
crease of a remaining amount of the toner ac- 
commodated in the toner accommodating por- 
tion to feed the toner accommodated in the ton- 
er accommodating portion toward said devel- 



oping member. 

22. An device according to Claim 21 , wherein said sec- 
ond toner feeding member is operated by elastic 

s force of an elastic member. 

23. An device according to Claim 22, wherein said elas- 
tic member includes a coil spring or compression 
spring. 

10 

24. An device according to Claim 21 or 22, wherein the 
operation of said second toner feeding member is 
constrained by a locking member, which is releas- 
able by a releasing member provided in the main 

is assembly in response to the detection of the de- 
crease of the toner to permit feeding of the toner 
toward said developing member. 

25. An device according to Claim 24, wherein said re- 
20 leasing member includes a solenoid actuated in re- 
sponse to an electric signal produced in response 
to detection of decrease of the remaining amount. 

26. An device according to Claim 21 or 22, further com- 
25 prising a storing element for storing detection hys- 
teresis of the remaining amount of the toner accom- 
modated in said toner accommodating portion. 

27. An device according to Claim 21 or 22, wherein the 
30 first toner feeding member is rotated in accordance 

with rotation of said electrophotographic photosen- 
sitive member. 

28. An electrophotographic image forming apparatus 
35 for forming an image on a recording material, com- 
prising: 

a. a developing device which includes: 

40 a developing member for developing the 

latent image formed on the photosensitive 
member; 

a toner accommodating portion for accom- 
modating toner to be used by said devel- 
45 oping member to develop the latent image; 

a first toner feeding member for feeding the 
toner accommodated in said toner accom- 
modating portion toward said developing 
member; 

so a second toner feeding member for feeding 

the toner accommodated in the toner ac- 
commodating portion toward said develop- 
ing member; 

wherein said second toner feeding mem- 
55 ber starts to operate in response to detec- 

tion of decrease of a remaining amount of 
the toner accommodated in the toner ac- 
commodating portion to feed the toner ac- 
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commodated in the toner accommodating 
portion toward said developing member, 
said apparatus further comprising: 

b. detecting means for detecting the remaining 
amount of the toner accommodated in said ton- 
er accommodating portion of said process car- 
tridge; 

c. driving means for operating said second ton- 
er feeding member in accordance with a detec- 
tion result of said detecting means. 

29. An apparatus according to Claim 28, wherein said 
second toner feeding member of said developing 
device is operated by elastic force of an elastic 
member. 

30. An apparatus according to Claim 29, wherein said 
elastic memberincludes a coil spring or compres- 
sion spring. 

31 . An apparatus according to Claim 28 or 29, wherein 
the operation of said second toner feeding member 
of said developing device is constrained by a lock- 
ing member, which is releasable by a releasing 
member provided in the main assembly in response 
to the detection of the decrease of the toner to per- 
mit feeding of the toner toward said developing 
member. 

32. A apparatus according to Claim 31 , wherein said 
releasing member includes a solenoid actuated in 
response to an electric signal produced in response 
to detection of decrease of the remaining amount. 

33. An apparatus according to Claim 28 or 29, further 
comprising a storing element for storing detection 
hysteresis of the remaining amount of the toner ac- 
commodated in said toner accommodating portion. 

34. An apparatus according to Claim 28 or 29, wherein 
said first toner feeding member of said developing 
apparatus is rotated in accordance with rotation of 
said photosensitive member. 

35. A process cartridge comprising a toner hopper hav- 
ing means for urging toner towards an operative po- 
sition, said means being activated in response to an 
indication representative of the amount of toner re- 
maining in said toner hopper. 

36. A process cartridge according to claim 35 further 
comprising means for providing said indication rep- 
resentative of the amount of toner remaining in said 
toner hopper. 

37. A process cartridge according to either of claims 35 
or 36 wherein said urging means is adapted for a 



single operation. 

38. A toner shovel adapted for use within the toner con- 
taining portion of a process cartridge said toner 

s shovel comprising means for causing movement of 

toner during movement of the shovel and means for 
causing said movement of the shovel upon receipt 
of an indication relating to the amount of remaining 
toner, said toner shovel being adapted for a single 

io movement between a first position and a second 
position. 

39. A method of refilling a toner hopper with toner com- 
prising the steps of: 

75 

providing a toner hopper having means for urg- 
ing toner towards an operative position, said 
means having an original position and a used 
position between which it moves in a single op- 
20 eration in response to an indication represent- 

ative of the amount of toner remaining in said 
toner hopper; and 

resetting said urging means by moving it into 
its original position. 

25 

40. A method of producing refilled process cartridges 
comprising the steps of the method according to 
claim 39 and the step of filling the toner hopper of 
the process cartridge with toner. 

30 
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(57) A process cartridge detachably mountable rel- 
ative to a main assembly of an electrophotographic im- 
age forming apparatus, includes an electrophotographic 
photosensitive member; developing device for develop- 
ing a latent image formed on the electrophotographic 
photosensitive member; a toner accommodating portion 
for accommodating toner to be used by the developing 
device to develop the latent image; a first toner feeding 
member for feeding the toner accommodated in the ton- 



er accommodating portion toward the developing de- 
vice; a second toner feeding member for feeding the ton- 
er accommodated in the toner accommodating portion 
toward the developing device; wherein the second toner 
feeding member starts to operate in response to detec- 
tion of decrease of a remaining amount of the toner ac- 
commodated in the toner accommodating portion to 
feed the toner accommodated in the toner accommo- 
dating portion toward the developing device. 
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